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Abstract: Mammalian tissues contain at least two types of cannabinoid 
receptor, and CB 2 , both coupled to G proteins, CB-i receptors are 
expressed mainly by neurones of the central and peripheral nervous system 
whereas CB 2 receptors occur In certain non^neuronal tissues, particularly in 
immune cells. The existence of endogenous ligands for cannabinoid 
receptors has also been demonstrated. The discovery of this 'endogenous 
cannabinoid system' has been paralleled by a renewed interest in possible therapeutic 
applications of oannabinoids, for example in the management of pain and in the suppression Of 
muscle spasticity/spasm associated with multiple sclerosis or spinal cord injury. It has also 
prompted the development of a range of novel cannabinoid receptor, ligands, including several 
' that show marked $electivity for CBi or CB 2 receptors. This review summanzes current 
knowledge about the in vitro pharmacological properties of important CB1 and CB2 receptor 
tiqands Particular attention is paid to the binding properties of these ligands, to the efficacies of 
cannabinoid receptor agonists, as determined using cyclic AMP or (^SJGTPtS binding assays, 
and to selected examples of how these pharmacological properties can be influenced by 
chemical structure. The in vitro pharmacological properties of ligands that can potently and 
selectively oppose the actions of CBi or CB2 receptor agonists are also described. When 
administered by themselves, some of these ligands produce effects in certain tissue 
preparations that are opposite in direction to those produced by cannabinoid receptor agonists 
and the possibility that the ligands producing such 'inverse cannabimimetic effects' are inverse 
agonists rather than pure antagonists is discussed. 



Introduction 

An important recent advance in the field of 
cannabinoid research has been the discovery of the 
presence in mammalian tissues of at least two types of 
cannabinoid receptor, CB 1 and CB 2 [1, 2). Both 
receptor types have been cloned, their predicted 
amino acid sequences showing a similarity of about 
44% {35% to 82% within the individual transmembrane 
domains) [3]. CB1 and CB 2 receptors are coupled 
through Q; or G 0 proteins, negatively, to adenylate 
cyclase and to N- and P/Q-type calcium channels and 
positively to A-type and inwardly rectifying potassium 
channels and to mitogen activated protein kinase. 
Under certain conditions, CBi receptors may also act 
through G s proteins to activate adenylate cyclase [4]. 
There is also evidence that CSt receptors may mobilize 
arachidonic acid and dose 5-HT 3 receptor ion channels 
when activated [1]. In addition, cannabinoids can close 
sodium channels but whether this effect is receptor- 
mediated has yet to be established [1]. 

As to the distribution pattern of cannabinoid 
receptors, CB} receptors are found mainly on 
neurones in the brain, spinal cord and peripheral 



nervous system and an important function of these 
receptors seems to be modulation of the release of 
several different transmitters at particular central and 
peripheral loci {1 , 2]. The distribution of CBi receptors 
within the CNS is consistent with the ability of 
psychotropic cannabinoids to impair cognition and 
memory and to alter the control of motor function and 
the perception of pain. Thus the cerebral cortex, 
hippocampus, caudate-putamen, substantia nigra pars 
reticulata, globus pallidas, entopeduncular nucleus* 
cerebellum, central grey substance and dorsal horn of 
the spinal cord all contain significant numbers of CBi 
receptors [1, 2]. Although it is known that CB 2 
receptors are expressed mainly by immune cells [1, 2], 
little is yet known about their physiological role. 

The cloning of the CB^ receptor in 1990 was 
followed by the demonstration in 1992 that mammalian 
tissues produce agonists for these receptors [1 p 2J. 
The most important of these 'endocannabinoids' are 
arachidonoylethanolamide (anandamide) and 2- 
arachidonoyt glycerol (Fig. 1). Both these compounds 
are thought to serve as neuromodulators or 
neurotransmitters, there being evidence that they are 
synthesized within neurones, that they can undergo 
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depolarization-dependent release from neurones and 
that once released they are rapidly removed from the 
•extracellular space by tissue uptake and intracellular 
metabolism [5, 6]. Cannabinoid CBi and CB2 receptors 
and endocannabinoids together constitute the 
'endogenous cannabinoid system*. 

o 
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Palmftoylethanotamide 

Fig. (1). Structures of anandamide. 1- and 2-arachidonoyl 
glycerol and palmitoylethanotemide. 

The discovery of the endogenous cannabinoid 
system has prompted a search both for selective CB^ 
and C8 2 receptor agonists and antagonists and for 
drugs that will selectively modulate the concentrations 
of endocannabinoids at their receptors, through 
effects on tissue uptake or enzymic hydrolysis. This 
review focuses on the pharmacological properties of 
just some of the many CB1 and CB 2 receptor ligands 
that are now available. Included are A 9 - 
tetrahydrocannabinol (A 9 -THC), the main psychotropic 
constituent of cannabis, and nabilone (Fig. 2). Both 
these cannabinoids are licensed medicines [7J. a 9 - 
THC r as the oral preparation dronabinol (Marinol), is 
available in the USA for the suppression of nausea and 
vomiting provoked by anticancer drugs and for the 
reversal, through appetite stimulation, of body weight 
loss experienced by AIDS patients. Nabilone 
(Cesamet), a synthetic analogue of a 9 -THC that is also 
given by mouth, is licensed for use in the UK, again to 
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suppress nausea and vomiting produced by cancer 
chemotherapy. Also included in this review is a range of 
compounds that are commonly used as experimental 
tools and/or that have therapeutic potential. Particular 
attention is paid to the affinities of these ligands for CB-i 
and CB 2 receptors, to the extent that rt has been 
possible to develop agents with selectivity for CB^ or 
CB 2 receptors and to the relative efficacies of agonists 
at CBi and CBg receptors. The question of whether so 
called cannabinoid receptor antagonists are really 
inverse agonists is also addressed. Although no 
attempt has been made to give a complete account of 
what is now known about the structural features of 
compounds that determine cannabinoid receptor 
affinity or efficacy, mention is made of a few 
observations that have provided important insights into 
such structure-activity relationships. The review begins 
with a brief account of the various in vitro bioassay 
systems that are now most widely used to characterize 
cannabinoid receptor ligands. 
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Nabilone 



Fig. (2). Structures of (-)-A 9 -tetrahydrocannabinol (A 
THQ and nabilone. 



Bioassay Systems for Determining the 
CB, and CB 2 Binding Properties and 
Pharmacological Activity of 
Cannabinoid Receptor Ligands 

In vivo assays have played an important part in 
characterizing the pharmacology and structure activity 
relationships of ligands for CB n receptors [8] and 
remain important for determining the acute and chronic 
pharmacological and toxicologicaf profiles of 
cannabinoids rn the whole organism. However, for 
establishing the pharmacological properties of any 
novel cannabinoid, particularly its CB^ and CB2 receptor 
affinity and efficacy, the starting point now must be the 
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small set of in vitro 'gold standard' bioassays described 
below. 

Binding Assays with Radiolabeled 
Cannablnold Receptor Probes 

Several cannabinoid receptor ligands have been 
radiolabeled with tritium and these have p ayed a vrtal 
Ert ' both in determining the affinities of unlabelled 
cannabinoids for CBi and CB 2 receptors .n 



displacement assays and in establfehing the tissue 
d stribution ol cannabinoid receptors Hi- Commercially 

tSSm radio.abei.ed "^^JS^S 
I.3H1SR141716A, which is CBt*seieciiv6, 

Figs. 3 to 6, 



Table 1, 




[3H)SR14171$A 



123J3AM251 



[3 H K+)-WlN55212 



[ 3 H5HU-243 



Guinea-pig Jorebrain 
Rat cerebellum (10 bran areas stutf «J) 
Rat cerebellum 
Ratceret>©num 
Ratcerebenum 
Rat brain minus cerebellum 
Primary culture of rat cortical neurones 
Ratbmin_ 

~Rcxfent cerebrum (3 brain areas studied) 



Guinea-pig forebrain 
Rat cerebellum 
Rat cerebellum (10 brain areas studied) 
Rat cerebellum 
Rat CBi AtT-20 cells 
Human CBt 293cefts 
Human CBi CHO cells 
Human CB2 COS cells 

Human CSg COS cells 
Human CB2 CHO cells 



Rat brain minus drain Stem 
Human CB2 CHO cells 



Human CS^ cells 
RatC&i cells 

Rat brain 
Mouse brain 
Human CBg cells 
Mouse CB2 gggs 



124 

0,50 
0.59 
0:61 
0.61 
0.76 
120 



234 

1.69 
4.67 
B.60 
2.60 
115 
163 
2.10 
3.70 
350 



0.04S 
0.061 



0.4 tO 33 

4.00 
0.07 to 2.3 

3.4 
0.2 to 7-37 

0.39a 



(261 
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124] 
[121 

[113 

[121 



W 
(141 



[1] 

[1] 

n; 

R 

[11 



PAGE 44/61 * RCVD AT 3/30/2006 12:26:42 PM [Eastern Standard Time] * SVR:USPT0^ FXRF-5/2 * DNIS:2738300 * CSID: * DURATION (mm-ss):1740 



MPR-30-2006 12:33 

£38 Current Metfcinat Chemistry, 1999. Vat. 6, No. 6 



P. 45 
Roger G. Pertw&e 



may also be present, on neurones and astrocytes [27, 
28]. Similarly, although most cannabinoid receptors in 
the spleen are CBa, some CB-j receptors are also 
present in this tissue [1 ]. There is also the possibility 
that brain and/or spleen express types of cannabinoid 
receptor yet to be identified. Indeed, there is already 
some evidence, albert still inconclusive, that mammalian 
brain, spinal cord and peripheral nervous system can 
express additional cannabinoid receptor 
types/subtypes [28. 29]. Binding assays performed 
with membranes from brain, spleen or other 
cannabinoid-receptor containing tissues using well- 
characterized cannabinoid receptor ligands provide a 
powerful means of searching for novel cannabinoid 
receptor types/subtypes. Another commercially 
available radiolabeled cannabinoid receptor probe is 
{ 3 H]anandamide. However, this tends to be used in 
experiments designed to explore the biochemistry and 
pharmacology of anandamide tissue uptake and 
metabolism rather than in receptor binding assays. The 
CB 2 -seiecttve ligand, (3HJSR144528 has also been 
synthesized but is not yet generally available. 
Representative CB1/CB2 Kq values of 
[3H]SB141716A, [ 3 H]CPS5940, [ 3 JH]{+)-WIN55212 and 
[ 3 H]HU-243 are shown in Table 1 whilst values for the 
relative CB 1 /CB 2 affinities of unlabelled SR141716A, 
CP55940, (+)-WJN55212 and anandamide are given in 
Table 2. 



Table 2. The Abilities of Certain Ligands to Bind to CB-j and CB2 Receptors 



Displacing Ugand 


Radioligand 


CB-] membranes 


CB2 membranes 


CBn Ki 
(nM) 


CB2 K{ 
(nM) 


Affinity 

ratio 
CB 1 /CB 2 


Affinity 

ratio 
CB 2 /CB 1 


Reference 


CS} selective 








ACEA{Rg.11) 


[3H1CP55940 


Rat cerebellum 


Rat spleen 


1.4' 


>2000' 


>1428 


<0.0007 




5R141716A (fig. 5) 


[ 3 H}CP55*K> 


hCBi in L cells 


hCB2 in CHO cells 


11* 


13200 


1118.64 


000089 


[42) 


SRU1716A 


[ 3 H]CP55940 


hCBj in L cells 


nCBfi in AiT-20cell$ 


ii.a 


973 


S2.46 


O012 


[32] 


SR141716A 


[ 3 H)CP55940 


hCB^ in CHO cells 


hCB2 in CHO ceDs 




705 


57.07 


0-018 


137] 


SR141716A 


[ 3 H]CP55940 


hCBi in CHO coils 


hCB2 in CHO cells 


5.6 


>1000 


>1 78.57 


<0.0056 


P0J 


SRI 41 71 6A 


[ 3 HJCP55940 


Rat braint 


Rat spleen 


1.98 


>1000 


>505-05 


<0.0Q2 


po] 


ACPA(Fig.H) 


[ 3 HJCP55940 


Rat cerebellum 


Rat spleen 


2.2- 


71 S- 


325-00 


0.0031 


[46| 


LY320135 (Fig. 14) 


[ 3 H}CP55940 


hCBi in L cells 


hCB2»nCH0 cells 


141 


14900 


105,67 


0.0095 


[42J 


Methanandamide (Rq. 
11) 




Rat forebrain 


Mouse spleen 


17.9" 


868" 


43.49 


0i22l 


[45] 


Meihanandamide 


{3h)CPS5940 


Rat forebrain 


Mouse spleen 


20* 


815 


40.75 


0.025 


[40] 


0-585 (Fig. 11) 


t 3 H)CP55940 


hCBi in CHO cells 


hCB2 in CHO ceDs 


8-6* 




37.67 


0,027 


|37] 


0-689 (fig. 11) 


[ 3 H)CP55940 


hCBi in CHO cells 


nCB 2 in CHO ceils 


5.7' 


132' 


23,16 


0.043 


[371 


Similar affinities for CB\ 


and CB2 receptc 




Anandamide (Fig. 1) 


( 3 H]CP5S940 


Hat forebrain 


Mouse spleen 


ev 


1930* 


31 .$4 


0.032 j 


[45) 
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Fig. (4). Structure of WINS5212. 

The most widely used radiolabeled cannabinoid is 
pH]CP55940. As this has the same affinity for CB 1 and 
CB 2 receptors, results obtained from displacement 
assays using this radioligand will only yield useful 
information about the binding properties of unlabelled 
compounds if they are performed with membranes that 
are known to contain either CBj or CB 2 receptors but 
not both. Ideally, these membranes should be 
obtained from CB 1 or CB 2 transfected cells. An 
alternative is to use tissue that expresses CB 1 or CB 2 
receptors naturally, for example brain tissue for CB1 
receptors and spleen tissue for CB2 receptors. 
Although often used, these tissues are less 
satisfactory for displacement binding assays than 
transfected cells. Thus although brain tissue is largely 
populated with CBj receptors, some CB 2 receptors 
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Displacing Ugand 



Radioligand 



CB1 membranes 



CB2 membranes 



(nM) 



CB 2 Ki 
(nM) 



AriandarnJde 



Anandarnicte 



Anandamide 



Anandanide 



^h]0P55940 



pHJCF>55940 



[3h]HI>243 



hCB-| in CHO CQUs 



hCB-j in L cells 



Rat cerebellum 



AM404 (Rg. 12) 



CT^3 (Fig- 7) 



2-AG(P«g-1) 



2-AG 



■J1-OH-CBN-DMH 
(FfrB)^ 

HU-210(Fig.6) 



HU-210 



HU-210 



HU-211 (Fig- 5 ) 



[3H)CP5S940 



[3HJHU-243 



t3H)HU^43 



[3H1HU-243 
[ 3 H]CPS5940 



1CB1 'm COS cells 
Rat forebrain 



bCB2 »" cH0 cefts 



hce 2 inWT^0cefls 



Bgt spleen 



nCBs in COS cells 



tCBi in COS cells 



Mouse spleen 



hCB2 »n CHO ceUs 



rCBt in COS cells 



CB ; in COS cells 



l 3 H)CP55940 



rCBi In COS cells 
hCB-i in L cells 



rCBt in COS cells 



hCSt in CHO ceUs 



hCB2 inAtT.20ceRs 



hCB2 in CHO cells 



nCB2 In CHO cells 



Affinity 

ratio 
CB1/CB2 



Affinity 

ratio 
CB 2 /CBi 



Reference 



0-ii84(Fig«9) 



A 9 -THC (Fig. 2) 



&9-THC 



i^THC 



A 9 -THC 



MaWtone(Fig.2) 



[ 3 H]CP5o940 



[3HPP56940 



[3h]HU-243 



[ 3 HJCP55940 



t3H]HU*243 



[3H1GPS5940 



(3H1CP55940 



hCBi'mCHO cells 



hCBi in CHO cells 



hCBi in L cells 



rCB-j in COS cells 



hCBi In CHO cells 



rCBt in COS cells 



RatbTaint 




hCB2 in CHO cells 



hCB2 in CHO cells 
hG&2 "m AfT-20 cells 



hCB2 in COS cells 



hCB2 in CHO celts 



407 



hCBgin CHOceRs 



Pat spleen 



hCBi 



A a -THC (Fig. 7) 



A 9 -THODMH (Fig. 7) 



CBN-DMH (Fig- 8) 



[3HJCPS5940 



CPS5940(Fig.3) 



CP55940 



CPS5940 



[3H]HU-243 
[ 3 H}HU-243 



[3H1CP55940 



[3HJCP55940 



CP55940 



CP55940 



11-OH-CBN (Fig- 8) 



Camabidiol (Fig. 8) 



Cannabinol (Fig. 8) 



Cannabinol 



Cannabinol 



1 3 H1CP55940 



[3h]CP55940 



[3h]CP55940 



[^HlHU-243 



[3H1CP55940 



[3h]HU-243 



[ 3 H)CP55940 



( 3 H]CP55940 



CPS6667(Fig.3) 



1 1-OH-A 8 -THC (F19, 
7) 



l^Jeoxy.i 6 -THC. 
DMH (Fig. 10) 



[Shjcpss^o 



t 3 HJHU-243 



Ralforebrain 



rCB! in COS cells 



rCBt in COS cells 



hCB! in CHO cells 



hCB2 



Mouse spleen 



803 



3SJ3 



36.4 



32£ 



184 



475 



nCB2 "m CHO ceils 



hCB2 in CHO ceUs 



hCB2 in CHO cells 



hCBi in V cells 



Ratbraint 



hCBi in CHO cells 



Rat cerebellum 



rCB 1 in COS cells 



hCBi in CHO cells 



hC82 inAlT-20 cells 



Rat spleen 



0.241 



3.9 



2.19 
"39J" 



0B9 



0.40 



0.11 



3.72 



1.37 



hCB2 «n CHO cells 



Rat spleen 



hCB2 in CHO cells 



0^8 



0.199 



1S 



13 



255 



1.19 
053 



2.49 



9-05 



0.83 



0.75 



0,36 



151 



153 



2.78 



0.69 



137 



059 



rCBi inCOSceBs 



hCBi in CHO eelis 



hCB2in CHO cells 



hCB2 in CHO cells 



riCB2 in CHO cells 



hCBi in L cells 



n CB 1 ir> CHO cells 
tCBt in COS ceils 



t^H]CP55940 



Rat cerebral cortex 



hCBgin Att-20 cells 



hCB^ in CHO cells 
I1CB2 in CHO ceUs 



hCB 2 in CHO ceUs 



0.50* 
38 



4350 



2112 



308 



1130 
61.7 



23 



2.80* 



26.6 



2860 



126.4 



1X) 



1.46 



1.0 



1.19 



5JS0 



0.70 



0,66 



0.60 



963 



301 
_ 23.6 



031 



027 
0.38 



2.9 



0.13 



0.64 



0.18 



1.43 



1-52 



(41] 



f33J 



[41] 



141) 



147) 



[321 



[41] 



137) 



3.20 



375 



Z61 



[41] 



[37] 



PS 



[37] 



3.49 



7.93 



[41] 



[38] 
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Displacing Ugand 


Radioligand 


CBi membranes 


CB2 membranes 


CB 1 K| 
(nM) 


CB^Kj 

/_ 1J V 

(nmj 


Affinity 

rat In 

CB!/CB 2 


Affinity 

ratio 
CB2/CB1 


Reference 


C82 selective 














(+J-WIN55212 (Fig. 4) 


[3h)CP5S940 


Rat braint 


Rat spleen 


3.94 


165 


1.63 


0.61 


[30] 


(+)-WlN55212 


[ 3 H]CP55940 


Rat cerebeBum 


Rat spleen 


4,4* 


1.2* 


027 


a.67 




(+)-W!N55212 


[ 3 H)CPSS940 


hC8 t in CHO cells 


hC82 in CHO cells 


1.89 


028 


0.15 


6.75 


I371 




[* J H]Cr35940 


hCB-j in L cells 


»<VC>2 in rU t fiv wctu 


CO 0 


33 


0.053 


18.88 






[^H]CP55940 


hCB-j in COS ceOs 


nvt?2 in wy* ecus 




4.1 


0.033 


30.00 


I35l 


JWH-01S ffia 13^ 

VIII 1 u Ivl \i ly . tmJJ 


l^THjLrroSSCO 


hCBi in CHO cells 


hCfto in £?HO r**flQ 
i imjv in w r i w 




13,8 


0.036 


27.75 


I37l 


JWH-0S1 (Fig, 10) 




Rat cerebral cortex 


hCBo in CHO cells 


12 


0.032 


0.027 


37.50 


m 


L768242 (Rg. 13) 


[ njwrabswo 


hCB 1 


hC8g 


1917 


12 


0,0083 


155.75 


[39] 


JWH-139 (Fig. 10) 




Rat cerebral cortex 


hCBg in CHO cells 


2290 


14 


0.0061 


16357 


I4S] 


AM630 (Fig. 13) 




hCB! inCHOcefls 


hCBg In CHO cells 


5152 


31^ 


0.0051 


165.13 


{♦73 


JWH-l33Rg. 10) 


[ 3 HJCPS5940 


Rat cerebral cortex 


hCB2 in CHO cells 


677 


34 


0.005 


199.12 




1-deoxy-A 8 -THC (Fig. 
10) 


{ 3 HJCP55940 


Rat cerebral cortex 


hCB2 in CHO cells 


$770 


32 


0.0037 


274.1 


t«J 


L759$33(Rg.10) 


l 3 H3CP55940 


nCBf in CHO cells 


hCB2 in CHO cells 


1043 


&4 


0.0061 


162.97 


[47] 


L759S33 


I 3 HJCP55940 


hCB-t 


hCB2 


16850 


20 


OJ0013 


7SZ5 


C53J 


U596$5(Rg.10) 




hCBi in CHO cell* 


hCBg in CHO cells 


4888 


11.B 


0.0024 


41454 


[47] 


L759656 


[ 3 H)CPS5940 


hCBi 


hCB2 


>20000 


19.4 


<0.00097 


>1O00 


[33] 


SFI144528 (Rg. 5) 


[ 3 H]CP5S940 


hCBj in CHO cells 


bCB2 in CHO cells 


437 


0.60 


0.0014 


728,33 


I43i 


SRI 44528 


[ 3 KQCP55940 


Rat braint 


Rat spleen 


305 


0.30 


000098 


1016.67 


[43] 


SR144528 


[ 3 H]CP55940 


hCBi in CHO cells 


hCBg in CHO cells 


>10000 j 


5.6 


<0.00056 


>1785 


[47] 



t Minus cerebellum. 'With PMSP 50 10 300 uM. 

CP5S$e7 is the (f )-enar»Uomer of CP55940. HU-21 1 is the (+)-enantiomer of HU-210. 

h. hurnan; r. rat; ACEA. amchidonoyl-2-chIoroelhytemicte; ACPA. arachid6f>0y1cydopropylemioe; 2-AG. 2-arachltonoyl glycerol CBN. cannaolnoi: DWH 
dimethylheptyi; THC„ t&trahydroeaivia&irioi. 



Three other radiolabeled ligands have been 
developed as potential probes for human single 
photon emission computed tomography (SPECT) or 
positron emission tomography (PET) studies, all 
analogues of SR141716A (Fig. 5). One of these is an 
( 18 FJ-labelled analogue, SR 144385 [50J. Another is 
[ 123 I]AM251, in which the 4'-CI of the 
monochlorophenyl group of SR141716A is replaced 
by 4'-l [21, 51] (fable 1). The third of these 
radiolabeled ligands is [ 123 I]AM281 in which the 
piperidine ring of SR 141 71 6 A is replaced by a more 
polar morphoiino group [52], AM281 antagonizes (+)- 
WIN55212-induced inhibition of evoked acetylcholine 
release in rat hippocampal slices with a similar potency 
to SR141716A [53]. Like SR141716A (see below), it 
also enhances evoked acetylcholine release in rat 
hippocampal slices when administered alone [53]. 



Functional In vitro Assays 

Two in vitro bioassay systems have yielded most 
information about the efficacy of ligands at CB^ and CBg 
receptors. One of these measures net agonist* 
stimulated p 5 S3GTPyS binding to Q protein (Table 3). It 
relies on one of the events triggered by the occupation 
of CBt and CB 2 receptors by agonist molecules: 
increased G protein affinity for GTP (and [ 35 S]GTPyS). 
The occupation of a CBi or CB 2 receptor by an agonist 
causes th$ a and (Jy subunits of the heterotrimeric G 
protein to which il is coupled to dissociate and shifts 
the a subunit from a state in which it has higher affinity 
for GDP than GTP to one in which it has lower affinity for 
GDP than GTP, Once dissociated, the a and (Jy 
subunits both act upon effectors until the GTP bound 
to the a subunit is dephosphorylated to GDP by the 
action of ct subunit GTPase. The. a and (Jy subunit re- 
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AM25! AM881 
Fig. (5). Structures of SRU1716A. SR144385. SR144S2B. AM251 and AM2S1 

associate and the reconstituted G protein is then ready 
for further activation by agonist. For ana^omst to 
produce sufficient stimulation of psiGTPys 
membrane binding, it is important that the binding of 
[35$]GTPyS that occurs in the absence of addea 
agonist is minimized. This is achieved by adding high 
amounts of GDP and sodium chloride [55, 67, 69]. GDP 
decreases agonist-stimulated as well as basal binding 
of FSlQTPvS. However, it is the basal binding that it 
inhibits the more, the overall result being the 
production by GDP of concentration-related increases 





[*H]HU-Z43 

Rg. (6). Structures of HU-210 and [3HJHU-243. The (+)• 
enantiomer of HU-210 is HU-21 1. 



in net agonist-stimulated pS]GTP?S binding [67]. The 
amount by which GDP concentrations can be increased 
to enhance net agonist-stimulated I^IGTPjS binding 
is limited by the concentration- related inhibitory effect 
GDP has on absolute levels of basal and agonist- 
stimulated of binding. Thus, when GDP concentrations 
are progressively raised, a point is eventually reached 
at which [3SS]GTPyS binding has fallen to a level that is 
too low to be measured reproducibly [55]. 

The other bioassay system exploits the negative 
coupling of CBt and CB 2 receptors to adenylate 
cyclase, the measured response usually being agonist- 
induced inhibition of forskolin-stimulated cyclic AMP 
production in cannabinoid receptor-containing tissue 
preparations fTables 4 and 5). Although CB n or CB2 
transfected cells are now most frequently used to 
characterize novel cannabinoid receptor ligands with 
this assay, tissues that express CBi or CB 2 natural £ 
have also been used. These include brain 
synaptosomes and primary cultures of central 
neurones or spleen cells (see above). Some 
information about the efficacy of ligands for CB, 
receptors has also been gleaned from a third bioassay 
that exploits the negative coupling of C&, (but notce^ 
receptors to N- and P/Q-type calcium channels [1]. in 
this case the measured response is agonist-mducea 
inhibition of depolarization-stimulated inward calcium 
current in CB t receptor-containing tissue preparations 
(Table 6). However, this system is less suitable tor 
routine use. 
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Table 3, Stimulatory Effect of Certain Cannabrnold Receptor Lfgands on GTPyS Binding by Tissue 
Cultured Cell Membranes Expressing Cannabinoid CB-| or CB2 Receptors 



Preparation 


Expert mental 
Conditions 






EC5Q values (nM) and mammal degree of *tfm%jJailon ov&r ba*aJ (%) ; 


CP58 


» CPSS 


X CP505 1 THC 


W j M-Wll 




I AEA 






3 0-1054 I C8f« 




Hunan GBj- 
rrantfectwJ 

membra** 


SOpWGOP: lOOmMNaCt 

3mM MgC^; 

30 uQ proc&in' 
0.2 mM EGTA: 0.1% SSA; 


-40% 
ty20nk 
























(59) 


HxnanCBy 
mambtaicv 


O.lnMpSjGTPiS: 
SOpMQDP; 150 *nhA NaCt 

2.5mMMgCt^ 
0.1% tissue: 1 mM^DTA: 

CL25%BSA; 
90 lYiit at 30*C f 1 cm assay} 












47T 
76% 


- 


- 


- 


- 


I 




[60) 


HirfAAn C&y 

irans/eOAd 
CHOc*« 
mambfanas 


0.1 nM [^SJGTPyS: 
SOpMGDP, 
iSOmMNaCt; 

2.5mMM9Cl2 ; 0.1%tiSStje : 
1 rtiM fcOTA; 

90 min al 30*0 (1 rnl ^■ff^vl 












300" 
77.9% 






- 








m 


Human CS r 

CHOcdR 
mantes/** 


l nM I^SJGTPyS; 
320 pM GDP: 
tQOmMNaO: 
32mMMgCJ£ 

60 mh at B^jfrSftrJ a^a^ 


103% 










616.6 

se% 


- 


- 


- 


- 


j " 


>lOufc 


) [56] j 


Rat 

nUftsIUJTi 

monbranets 


20 yM GDP; 
lOOmMNaCfc 

4 ug protein: 
0.2 mM EGTA: 0.1 mo B$A; 
60 nun a( 30°C (1 ml assay) 






- 


- 


- 


20 

125% 














[S4] 


Rat - 
cerebe&im 


0.05 nM I^SJGTPyS: 

aouAiGop; 

lOOmMNaCfc 
3mMMgCfe; 
18 MS protein; 
0,2 mM SGTA: 
0.1% BSA; 
60 min at 30°C 0 ml assart 


100 

140% 




ax 

i$7% 


o% 


- 


IK) 
162% 


>1O000 








- 




[55] j 


membranes 


20uM60P: 
lOOmMNaO; 
3mM MgC£; 

0.2 mM 6GTA: 
0.1 mg BSA: 
60 mYi at 30°C M ml assay) 








ao% 


- 


120 
270% 




- 


- 


- 




- 


119} 


^OmbfHTlBS 


0.2 nM f/^SJGTP^S; 
lOOuMGDP: 
1 mM MgC^; 
15 lig proton: 
i mM EGTA; 
0.25 mo BSA: 
90 min at SO°C f0.£ nil 3 swv1 


9 

irvw 




- 


£30 
54% 




99 
75% 


>10000 


540T 
73% 


tao 

104% 


- 




170 
3J>A> 


J62J j 


Ral 
mambranes 


aOSnMf^SJGTPrS; 
lOOfor iO*)yMGOP; 
isOmMNaCt 
9 mM Mpd? 10 pg p«0lw; 
0.2 mM EGTA: 
1%SSA; 
60 min 0HU) gr 30 mjn al 30"C 


173 
114% 


Oxt7 
155% 




0% . 
51%# 


0-55 
MO% 


i5i 
155% 


- 




- 


97% 


246 
60% 

i 


0% 




Rat 
cerebellum 
membrane* 


O^nMl^SlGTPyS: 
100 pM GDR 

1 mMMfiC^ 
I5|igpnx*n; 
1 mCc EGTA; 
0^5 mg OSA; 
90 min az 30JC Jp,5 ml away) 


e>% 






216 
54% 






_ 






_ 


I 
I 


18? 
24% 


165! " 


tat 

cefBDetum 
membranes 


0.OS nM r^lCTTPyS: 
30 pM GDP: 
lOOmUW^Ct 
4-iS yg prawn: 
0.1% BSA: 
7S0 min at 30-Cn ml assay) 


95%T 


- 


9 

n7%r 


87 
25%t 




I W 

1»%T 


- 


»7 
&%T 


320 
79%t 


- 






[B7J 


ceisbeflum 
rnflmbrtn^s 


0.65 nM r^SJGTPyS; 
10 pM GDP: 
lBOmMNflCt 
5pgpfctain: 
0.1%B5A: 

SO mki si &7*p 


31 
100% 










1Z> 
117% 




276" 
66% 










(46] 


Rat 

oanjbeftirn 


O.DSnMr/^SJGTpyS; 
50 MM GDP, 
IMmMNaCt 

40-50 pg proton; 

0-1% BSA: 
60 min 3130*0 


id? 
M5% 










1» 
1$0% 






330 
14fl% 


j 
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Prepsrvttofl 


Experimental 
Conditions 


CPSSft 


CP5S2 


CP SOS 


t«C 


15 (nM) « 


id m*«m*l 
(*>-WIN 


dsgrttDOf i 
(tWIN 


lirfiulatiw 
A£A 


I ovttr b& 


salt%) 


O-10S4 


CBti | 


Rfil. 


— - 

(i) cafBbetwi 
fe>»my«tato 
(c) typottwmua 


A AS ftM 1* ^SXjTPtS' 
30jiMGDP: 

3 mM MflCfc; 
0.2 mMEGTA; 












(C) 131 












™ _ 


156) 


fTWTlbf3fV83 


Q, 1 nM [ &Ju 1 rTf^. 

iMmMNsd; 
2.5 mM MpC^ 
1 mM EOTA; 












-320* 










- 


- 


157J 


Mouse 
mam&ranes 


80 mm st jmC ml assart 

i5o^N*a: 

2.5 mMM^: 
i mM EOTA 
0.25% BSA; 






_ 


-30% 


- 


347" 
-150% 


- 






- 


- 


- 




Mouse 
whole bah 


gOnmvaOD-e 

iSOmMNagl; 
2.SmM MflCte 
1 mM EOTA: 
0,25% BSA; 


136% 


- 


- 


70.0" 
y% 


123% 


- 


- 


B6% 


- 








IBS] 


Mouse 

(MCn&fHTIGS 


™ r ^*' v *r n m] ****** 
O.lnMr^SJSTPyS: 
IOOuMGDP: 

ioomMN*a: 

50jigprt*ein{ 
0.2 mM edta; 


200 
75% 
























[SBJ 




Bp mfo at 3Q< m -S m] ******* 
0.1 «M |*S)GTP^9: 
SOpMGDP; 

2.5 mM MoCtj; 
1 mM EOTA; 












296CT 












575,4 




tnnsfectw 

CHDMll 


eft min^MAcn ml assarts 
i nM p*s)GTPrS: 

320 pM (SOP; 
100 mM Nad; 

60 mr» aaT^I&fTm! aswl 


2.75 
42% 

i 










as* 

Z7% 












j -53% 





"* at 10 UM f-VWBC52l2 „_ 
tR*cakitedfr^ nocmafeed date. 125*0*** «*i ^^M^Z 
AeElKndanide 1): BSA. fittine serum alburn^ CBN, ra ^^^ 8 '^7^ ^ lflM 2 
(RB. 11* KU. HU-210 (F* 6V CP505. CP50556 (F» 3* Met, moOiarwn^** (Rg. 11* CMOM. 2 
(PiO. 2* WIN. W1N55212 (Fg. *V 

The P^SIGTPyS assay is the least sensitive of the 
three functional bioassays described in this section 
(Tables 3 to 6), Presumably this is because the 
cannabinoid receptor signal is less amplified in this 
assay, adenylate cyclase and calcium channels both 
being located further along the signalling cascade than 
G protein. The [35S]GTP?S assay also differs from the 
other two assays in providing a total measure of G 
protein-mediated cannabinoid receptor activation 
rather than a measure of the activation of just one 
particular cannabinoid receptor effector mechanism. 
This assay should, therefore, be independent of any 
variations that may exist between tissues in the relative 
contribution made by different G protein-coupled 
effector mechanisms, 

A measure of the relative efficacies of cannabinoid 
receptor agonists can be obtained in all three assay 
systems by constructing log dose response curves and 
then comparing the size of responses to maximal 
doses (E^ values), indeed, there is usually no other 
way of obtaining an indication of the relative efficacies 
of cannabinoid receptor agonists from the existing 



™. ov»ry, CPS».CPS5940<Fig. 3); CP552, CP552« <F* 

published data. One exception to this is to be found in 
a paper by Burkey et ai [61] which contains relative 
efficacy values at CB 1 receptors for CP55940, 11-OH- 
A8.THC-dimethylheptyl (HU-210), anandamide and A 9 - 
THC estimated from P 5 S]GTPyS binding data. It is 
noteworthy that the maximal effects of what appear to 
be full cannabinoid receptor agonists on forskolin- 
stimulated cyclic AMP production and on 
depolarization^stimulated inward calcium current usually 
fall well short of complete inhibition (Tables 4 to 6). 

in the literature, and hence also in Tables 3 to 6, the 
potency of an agonist is usually expressed as the 
concentration (EC 50 ) of that agonist lying at the mid 
point of its log concentration-response curve. Caution 
should therefore be exercised in using these EC50 
values to calculate relative potency values as (a) not ail 
cannabinoid receptor agonists elicit the same maximal 
response in any given assay system (T ables 3 to 6} and 
(b) relative potency values should be calculated by 
comparing the concentrations of different drugs that 
elicit the same sized response. This point is well 
illustrated by the data of Burkey &t a/. [57] who reported 
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that A 9 -THC has a 5.9 fold tower EC 50 than (+)- 
WIN55212 in the [ 35 S]GTPyS binding assay. The ECso 
of A 9 -THC (59 nM) produced only about 15% 
stimulation of [^SJGTPyS binding whereas the EC 50 of 
(+)-WIN55212 (347 nM) produced about 75% 
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stimulation. (+)-WIN55212 matched the half-maximal 
response to A 9 -THC (15% stimulation) at a 
concentration of about 25 nM, showing it to be more 
than twice as potent as A 9 -THC in this assay. 



Table 4. Inhibitory Effect of Certain Cannabinoids on Cyclic AMP Production by Cultured Cells 
Expressing Cannabinoid CB1 Receptors or by Brain Tissue Stimulated by Forskolin (FSK), 
Secretin, Prostaglandin E1, Prostacyclin or Isoprenaline 



Preparation 


Made- of 
cyclic AMP 

ttlrmjUrllpfi 






InWbliory iCjj value* (nM) 


maximal degree of inntDltisn (%) 


CPSS9 


CP552 




THC 


HU 


Nab 


(+)-WIN 


H-WIM 


AEA 




PEA 


CBN 1 Rer. 


Human CB r 
tnapstected 
GHOceifc 


FSK 


80% 


a 128 

80% 




-40% 


















177J 


tfanstactfld 

CHOcrfs 


0.5 pM 


















160 
-100% 




>i mv 
0%at 

1 mM 


- 


[81] 


Human C&v 
transTetfftd 
CKO colls 


FSK 


127 
























[30] 


Hunan CB,- 
tranefedftd 
CHOcels 


FSK 








18.5 


0.197 








322 






>1 uM 
0% at 


|32j 


vansteetM 
WW 


FSK 


12 






10 






M 












l»J 


Human Cfi v 
transected 


FSK 


ai 

-45% 


_ 


_ 




0,19 
-55% 


_ 


?.e 

»-40% 


MuM 
0%at 

t JjM 


-75% 








[16J 


human C8 r 
traftsfeaed 

CHOcefe 


3uM 
FSK 


a 16 

-75% 


- 


l 


* 

-7$% 






17.9$ 
-75% 






_ 




- 


[59) 


Human CBi - 
tmnstaaw 


3uM 
FSK 


7 
-83% 


- 


- 


10-7 

-co% 


- 


- 


-60% 


- 


1005 
-29% 


- 






(91J 


transited 


im 

FSK 


4 
€2% 


- 


- 




- 


- 


31 
75.1% 


- 






_ 


- 


{24) 


transfectcd 


fsk 


2 
75% 


- 




_ 


- - 


_ 




_ 




~ — 




- 


143] 


Human CB-- 
traosfecled 


0.3 pM 
FSK 


4,17 






- 


- 


- 


1.64 
63% 


- 


- 


- 




- 


193) 


CB r 
trans faded 
COS cells 


1 uW 
FSK 






- 


- 


- 


- 


- 




- 


428- 
-80% 


- 




144) 


R«ce r 

transteded 

<5H0C0Tte 


0.5jiM 
FSK 


0.87 
-60% 




— 


13.5 
-40% 


■ 


-60% 




■ 


- 


* 


- 


-12% 
It I MM 


[75} 


R«ce r 

transf acted 





1.B 


i 0,2 


2.4 






3.1 


34 


>200O 


- 


- 


- 




[78? 


transfer* ad 

GHOczsDs 


lUM 
FSK 






— 


9.1 
«4S% 


0,9 

SO>55% 


*■ 


- 




301 
3*40% 


- 


0% ii 
O.JnM 




[80j 


RatC8 r 
transtected 
QHpoefla 


PGE-j 


- 






9.2 


— 


— 




— 


10O5 
-60% 


- 






m 


R*CB r 
transtectad 


\ UMFSX 








13 
63% 


















[34J 


RatCB,- 
Ifansfected 
COScaBs 


1 uM 
FSK 








11 
















120 


l^J 


Human U373MG 
astrocytoma 
cafe 


5uM 
FSK 


0.6 
-100% 












-100% 












[86] 


N1STG3 


FSKi 






-38% 


-220 
-29% 
















-500 
-9% 


[70} 


MGusa 

N1&TG2 
a* 
membranes 


100 UM 
secretin 








-30% 
















1400 
-14% 


[72] 


Mouse N1BTQ2 

en 

fnambrcinw 


0-5 uW 
secretin 


25 


5 
36% 






















P3J 


MW5» N1BTG2 
eafl ! 
mamtonines 


O.S 

Secrefri 










12. 
(29%> 
















I74J 


M0U36 
N18TG2 












2.9 








540 
-40% 




>10>iM 
0%3l 

0.1 nM 
«> MiuM 






Mouse 
N18TG2 


0.6S 
secret 


















1000- 
45% 
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Some cannabinoid receptor agonists have relatively 
low CB* and/or CD* efficacies. The pharmacological 
properties of such 'efficacy-driven 1 agonists is 
expected to show a particularly strong tissue- 
dependence. In a tissue preparation that contains a 
high concentration of cannabinoid receptors so that 
there is a significant 'receptor reserve', the size of the 
maximal response to an efficacy-driven agonist may be 
the same as that to a high-efficacy (affinity-driven) 
agonist, giving the false impression that both 
compounds have the same (high) efficacy. On the 
other hand, in a tissue preparation containing far fewer 
cannabinoid receptors (no 'receptor reserve'), the 
same efficacy-driven agonist may behave as a partial 



agonist or antagonist (e.g. see 0-823 m next section). 
Hence if the relative efficacies of cannabinoid receptor 
aaonists are determined by comparing maximal 
response size, it is important that this has been done 
using data obtained in the same tissue preparation and 
that the receptor population of this preparat.on (a) is 
small enough so that there is no significant receptor 
reserve, yet (b) is large enough to detect responses to 
low-efficacy compounds. Other reasons for using the 
same tissue preparation to determine the relative 
efficacies of cannabinoid receptor agonists are firstly 
that there may be intertissue variations in the abilities ot 
CBi or CB 2 receptors to amplify agonist-receptor 
interactions and secondly, that some tissues may 
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contain CB 1 or CB 2 receptor subtypes with their own 
distinct recognition sites or effector mechanisms. 
Already there is evidence that the efficiency with which 
G proteins transduce the agonist-cannabinoid receptor 
interaction can vary, at least within the brain. Thus there 
are several reports that the efficiency of coupling of 
cannabinoid receptors to G proteins, as defined for 
example by the ratio of apparent B max of maximal 
cannabinoid receptor-stimulated [ 35 S]GTPyS binding 
to cannabinoid receptor B max> is not the same in ail 
brain areas [19, 22, 55, 69]. Indeed, there seem to be 
some brain areas, for example hypothalamus, that 
contain cannabinoid receptors with high coupling 
efficiency but in low concentration and other brain 
areas, for exampl.e hippocampus, that contain 
cannabinoid receptors with low coupling efficiency but 
in high concentration [22]. Consequently, the 
responsiveness of different brain areas to high-efficacy 
(affinity-driven) and low-efficacy (efficacy-driven) 
agonists may not always be highest in brain areas that 
contain the most cannabinoid receptors. Cannabinoid 
receptor coupling efficiency may also be affected by 
prior exposure to cannabinoids [18]. 

In the [ 3S S]GTPyS assay, increases in GDP 
concentration seem to magnify differences between 
the efficacies of different agonists such that the optimal 
GDP concentration appears to be higher for the assay 
of high-efficacy than low-efficacy agonists [67]. Indeed, 
elevating the concentration of GDP may completely 
abolish the ability of a low efficacy agonist to increase 
[ 35 S]GTP-yS binding above basal levels. Compare for 
example the activities of the high-efficacy agonist, (+)- 
WIN55212 and the lower efficacy agonist A 9 -THC 
observed in this assay by Griffin et al. [64]. Whereas {+)- 
WIN55212 produced greater stimulation of [^SJGTPtS 
binding (over basal) at 100 \M GDP than at 10 GDP, 




11-OH-A B -THC 



Tig, (T). Structures of four classical cannabinolos (OMH, dii 
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A 9 -THC stimulated [ 35 S]GTPyS binding in the 
presence of 10 jaM GDP but not 100 \iM GDP. 



Cannabinoid Receptor Ligands 



Classical Cannabinoids 

The best known member of this group is A 9 - 
tetrahydrocannabinol (A 9 -THC) (Fig. 2). This is the main 
psychotropic constituent of cannabis and like all 
classical cannabinoids, it is a dibenzopyran derivative. 
A 9 -THC undergoes significant binding to cannabinoid 
receptors at submicromolar concentrations, with similar 
affinities for CB 1 and CB2 receptors (Table 2). At CB1 
receptors, A 9 -THC behaves as an affinity-driven 
agonist, the sizes of its maximal effects in several CB1 
receptor-containing tissue preparations falling well 
below those of higher efficacy cannabinoid receptor 
agonists such as CP55940 and (+)-W!N55212 (Tables 
3 and 4). As is to be expected for an affinity-driven 
agonist, the efficacy of A 9 -THC shows 'tissue- 
dependence', there being some CB 1 bioassay systems 
in which it can elicit maximal responses that match 
those of higher efficacy agonists (Table 4). A 8 -THC 
(Fig. 7), which has affinities for CB1 and CB2 receptors 
that are similar to those of A 9 -THC (Tabfe 2), also 
behaves as an affinity-driven agonist at CB1 receptors 
[75, 77]. As to the CB^ efficacy of A 9 -THC r this is even 
less than at CB^ receptors (Tables 4 and 5). Indeed, in 
some investigations A 9 -THC has failed to show any 
agonist activity at ail at CB^ receptors and, in one set of 
experiments performed with CHO cells transfected with 
human CB? receptors and using the cyclic AMP assay, 
it behaved as a CB2 receptor antagonist [34]. There are 
also some reports that A 9 -THC behaves as an 
antagonist at the CB1 receptor both in the [ 35 S]GTPtS 



coqh 




'Jheptyi). 
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assay perfomied with rat cerebellar merr^ranes J19 64] 
and when the measured response is {+)-WIN552l2- 
induced inhibition of glutamatergic synaptic 
transmission in rat cultured hippocampa! neurones 
[102]. 

Two other plant cannabinoids. cannabinol and 
cannabidiol (Fig. 8), have less affinity for cannabinojd 
receptors than A 8 - or A 9 -THC (Table 2). At CB, 
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receptors, cannabinol behaves as ™J«WgM™ 
aqonist with even less efficacy than A 9 -THC (Tables 3 
and 4). There is also one report that it behaves as an 
aqonist for CB2 receptors in the cyclic AMP assay 141]. 
However, in the GTPyS assay, cannabinol has been 
found to exhibit the properties of an inverse agonist for 
CB 2 receptors' (Table 7). (The concept of inverse 
agonism is discussed later). Cannab.d.ol lacks 
significant agonist activity, at least at CB, receptors, as 



Table 5. 



inhibitory Effect of Certain Cannabinoids on Forskojin-stimulated Cyo.ic AMP Production 
* ttSrJ T Cells Expressing Can nabinoid CB 2 Receptors 

Inhibitor ECsq values (nM) and maximal degree of inhibition (%) 




210 (Fig. 6): THC, A 9 -THC (Fig. 2): WIN, WIN55212 (Fig. 4). 
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Table 6. Inhibitory Effect of Cannablnoids on Voltage-activated Calcium Currents in Membranes of 
Cultured Cells Expressing Cannabinoid CBi Receptors 







Agonist 








Preparation 


Agonist 


concentration 


EC50 


Inhibition 


Ref 






(nM) 


(nM) 


(%) 




AfT*20 cells transfeeJod 


(+)-WiN5S212 


100 




12% by 100 nM 


f321 


with human CBf receptors 












AtT-20 ceRs transfected 


(+)-WIN55212 


1 to300t 


11 


38% (Emax) 


[1?1 


with rat CB1 receptors 


Anandarn)de 


300 




34% by 300 nM 




Rat suDsrior 


(+)-Wlhi55212 


1 to3000t 


47 


73% (£max) 


[99] 


cervical ganglion cultured 


CPS5940 


1 tolOQOO 


7 


38% (Emax) 




neurones transected 


Anand amide 


100 




Oto40%by100nM 




with rat CB1 receptors 












NG108-15 


£ - 1 nu 


30jiMt 




40% 


196] 


neurablastoma-afiorna C6lS 




1 jiMt 




40% 




NG 108-15 


(+)-WJN55212 


1 to 1000t 


-3 


*3% (emax) 


[95] 


neuroblastoma-glioma cells 


CP55940 


100 




Am/ L_ , 4JAA -11 

3o% py log nM 




N 1 8 neuroblastoma cells 


(+J-WIN55212 


100 




54% Dy 1 uu nM 


[97] 




Anandamide 


1 tOlOOOt 


20 


33% (£max) 




N 1 8 neuroblastoma cells 


(+>WIN5S212 


-3 to 100 


-10 


-43% (Emax) 


(81] 




Anandarnide 


-10 to 300 


-10 


-30% (Emax) 




N18 neuroblastoma ceils 


MeadetrWKtemiae 


30 to 1000 


124 


-60% (Emax) 


198] i 


Rat hlppocampai cultured 


(+).WIN5$2l2 


1ID 300 


21 


33% (Emax) 


[1003 


neurones 


(+)*WIN5$2t2 


I00*f 




29.6% by 100 nM 






CP55940 


■ 100 




255% by 100 nM 






Anandarnide 


300 




28,6% by 300 nM 




Rat hippocarnpai 


(+)-WIN55212 


30»30Q0' 


14 


-23% (Emax) 





cuujreo neurones snouio t>e m law 
'Antagonized by 200 or 300 nM SR14171SA. 
t Pertussis- toxin sensitive. 

Meed etftanotarntte. 52, BZ, 1 1 Z-eicosatnanoic acid. 



do cannabichromene and cannabigerol, also both plant 
cannablnoids. A high concentration (10 u,M) qf each of 
these three compounds failed to inhibit secretin- 
stimulated cyclic AMP production by N18TG2 cell 
membranes [72], There is also a report that 1Q uM 
cannabidiol does not enhance [^SlGTP-yS binding to 
rat cerebellar membranes [65]. Instead it was found to 
antagonize the stimulatory effect of CP55940 in this 
assay. Under the same conditions, 10 jiM cannabinol 
did not antagonize CP55940 [65]. 

The affinities of A 9 -THC t cannabinol, 11-hydroxy-A s - 
THC and 11-hydroxy-cannabinol for cannabinoid 
receptors can be markedly enhanced by increasing the 
length of the alkyl side chain and by introducing methyt 
substituents into the lengthened side chain to produce 
dimethylheptyl analogues of these compounds (Table 
2 and Figs. 6 to 8). TTiese affinity increases are not 
accompanied by any marked changes in relative affinity 
for CB1 and CB2 receptors. The same changes in the 
alkyl side chain also enhance CB1 and CB 2 receptor 
functional potency and efficacy. For example, in 
contrast to A*-THC [75. 77]. 1 1-OH-A 6 -THC* 
dimethylheptyl (HU-210) has Emax values at CBj 
receptors that approximate to those of the high-efficacy 
cannabinoid receptor agonist, CP55940 (Tables 3 and 
4). Unlike A 8 -THC, HU-210 contains an 11 -OH group. 
However, there is no evidence that insertion of this 
group produces any notable efficacy increase. Thus 



although 1 1 -OH-A 8 -THC is about 2 times more potent 
than a 8 -THC as an inhibitor of secretin-stimulated cyclic 
AMP production in N18TG2 cell membranes, the 
maximal degree 0! inhibition produced by the two 
compounds is the same [72]. Similarly, in [ 35 S]GTPyS 
binding assays performed with rat cerebellar 
membranes, whilst 11-OH-A 9 -THC is more potent than 
A S -THC, the two compounds each elicit maximal 
stimulatory responses of about the same size [62]. The 
dimethylheptyl and 1 1 -OH-dimethylheptyl analogues 
of cannabinol are also potent CB1 and CB2 receptor 
agonists. Their EC50 values for inhibition of forskolin- 
stimulated cyclic AMP production are 0.18 and 0.056 
nM respectively in CHO cells stably transfected with rat 
CB<| receptors and 0.79 and 0.208 nM respectively in 
CHO cells stably transfected with human CB2 receptors 
[41]. The corresponding EC50 values for cannabinol are 
120 and 261 nM respectively [41], Whether these 
dimethylheptyl and 1 1 -OH-dimethylheptyl analogues 
have greater efficacy than cannabinol remains to be 
announced. It has been reported, however, that 1 1 - 
OH-cannabinol has negligible agonist activity at CB 2 
receptors [41]. 

The degree of rigidity of the alkyl side chain also 
seems 10 have pharmacological importance, there 
being evidence that the introduction of a carbon- 
carbon triple bond into this part of the molecule 
reduces efficacy at Q&i and CB2 receptors without 
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CannabicTKii 

Fig. (8). Structures of cannabinol and cannabidiol and of 
diroethylheptyl). 

decreasing affinity for these receptor types [26, 36. 49, 
103] Thus 6'-azidohex-2'-yne-A 8 -THC (0-1184; Fig. 9) 
has greater affinity than a 8 -THC for both CBt and CB 2 
receptors (Table 2)- Yet, it behaves as a weak inverse 
agonist at CB 2 receptors [49] and, at CB, receptors, 
may have even lower efficacy than A 8 -THC, behaving 
as a partial agonist in one assay system (inhibition of 
forskolin-stimulated cyclic AMP production by CHO 
cells transfected with human CBn receptors [493) and as 
an antagonist in another [26]. A second classical 
cannabinokJ with a 3-bond ynyl-containing side chain 
that seems to have high cannabinoid receptor affinity 
but reduced efficacy is 6'~cyanohex-2'-yne-A 8 -THC (O- 
823: Fig. 9). The K\ value of this compound for 
displacement of pH]CP55940 from CB 1 binding sites is 
0.77 nM. However, whilst it behaves as a potent 
cannabinoid receptor agonist in one CB^ -containing 
bioassay system (the mouse isolated vas deferens 
preparation), in another it behaves as a potent 
antagonist (myenteric plexus-longitudinal muscle 
preparation of guinea-pig small intestine) [104]. Using 
tissue obtained from A 9 -THC-tolerant mice, it became 
possible to demonstrate O-823-induced antagonism of 
a cannabinoid receptor agonist in the vas deferens as 
well, suggesting that like 0-1184. 0-823 is a potent 
affinity-driven cannabinoid receptor agonist and that it 
behaves as an agonist in tissues in which cannabinoid 
receptors are present in relatively high concentrations 
and/or have relatively efficient coupling to their second 
messenger system (the vas deferens) and as an 
antagonist in tissues in which these receptors are 



three analogues of cannabinol (CBN, cannabinol; DMH, 

present at lower concentrations and/or are less 
efficiently coupled (myenteric plexus-longitudinal 
muscle preparation and cannabinoid tolerant vas 
deferens). 




0-S23 

Fig. (9). Structures of 0-1184 and 0-823. 

The results obtained with ynyl compounds such as 
O-l 184 and 0-823 provide clues as to how the 
structural features of classical cannabinoids that govern 
affinity for CB, and CB 2 receptors differ from those that 
determine efficacy at these receptors. So too do data 
obtained from experiments with the dimethylheptyl 
analogue of A a -THC-1 1 -oic acid (CT-3; Fig. 7) using 
CHO or COS cells transfected with rat CB1 or human 
CB 2 receptors [41], These experiments showed CT-3 
to have about 8 times greater functional potency at the 
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Table 7. inhibitory Effect of Certain Cannablnoid Receptor Ligands on GTPyS Binding by Tissue or 
Cultured Cell Membranes Expressing Cannabinoid CB1 or CB^ Receptors 



Preparation 


Experimental 
Conditions 


EC50 values (nM) and maximal degree of inhibition relative to basal (%) 


SR141 


SR144 


j AM630 


CBN 


Ref. 


Human CB«|- 
transfected 
CHD cell 

membranes 


O-lnM^JGTP)©; 
50 11M GDP: 
100 mM NaCl; 
3 mM MgC^; 30 p.g protein; 
0.2 mM EGTA; 0.1% BSA; 
60 min at 30°C (0.2 ml assay) 


-25% 
DylOOnM 








[599 


Human CB-j- 
transfected 
CHO cell 

membranes 


0.1 nMpSJGTF^S; 
50 jiM GDP; 150 mM NaCI; 
Z£ mM MgCk; 0,1% tissue; 

1 mM EDTA; 0.25% BSA; 
90 min at 30°C (1 mJ assay) 


0.82* 

22.3% 


- 


— 


— 


m 


Human CBf- 
transfected 
CHO cell 

membranes 


0.1 nMI^SJGTPyS; 
50u.M GDP; 150 mM NaCJ; 
2JB mM Mga 2 ; 0.1% tissue; 
1 mM EDTA; 0-25% BSA; 
90 mrc at 30°C (1 ml assay) 


- 


- 


900* 
20.9% 


- 


[63] 


Human QBy 
transacted 
CHO cell 

membranes 


InMI^JGTPrS; 
320 uM GDP; 100 mM NaCI; 
32 mM MgCfe; 5 yg protein; 
60 min at 37*C (0^5 mJ assay) 


47% 


- 


- 


- 


m 


Rat 
cerebellum 
membranes 


O^nMr^JGTPyS; 
1 00 jiM GDP; 1 mM M9CI2". 
15 ng protein; 1 mM EGTA; 
0-25 mg BSA; 90 min at 30*C 
(0.5 ml assay) 


>10pM 
slight inhibition 
atlOiiM 


- 


- 


- 




Mouse 
whole brain 
membranes 


0,1 nMFsjGTPvS; 
50 jiM GDP; 150 mM NaCJ; 
2.5mMMgCi2;1mM EDTA; 
90minat30 o C (1 ml assay) 




— 


>0.1 mM* 
-0%f 


_ 


[56] 


Guinea-pig 
whole brain 
membranes 


0.1 nM [^SJGTPyS; 
SO jiM GDP; 150 mM Nad; 
2.5 mM MgCfc 1 mM EDTA; 
90 mm at 30°C (1 ml assay) 


- 


- 


*0.1 mM* 
-0%f 


- 


m 


Human C&2- 
transfected 
CHO ceil 
rnernbranes 


InMpSSJGTPyS; 
320 uM GDP; 100 mM NaCI: 
32 mM MgOg; 5 jiQ protein; 
60 min at 37°C (02$ ml assay) 


1000 
65% 






575.4 


166] 


Human CB^ 
transfected 
CHOceH 

membranes 


0.1 nMf^SJGTPvS; 
20 \LM GDP; 100 mM NaCI; 
1 0 mM MgC^: 20 jig protein: 
0.2 mM EDTA; 90 min at 30°C 
(0.5 ml assay) 




10.4 
49% 


76.6 
47% 




m \ 



in the presence 6T1 00 uM pnenyimelhy^ptx>nyi^ubrioe. 
tAt100nMAM630. 

BSA, bovine serum albumin; CBN, cannabinor (Kg. $); CHO, Chinese hamster ovary; SR141, SR141716A (Fig. 5Y SR144, SR144528 (Fig, $). 
See Rg. 13 for &ie structure of AM630. 



CB 2 than the CB^ receptors, when the measured 
response is inhibition of forskolin-stimuiated cyclic AMP 
production (EC50 = 116.2 and 927 nM respectively), 
but about 5 times greater binding potency at the CBj 
than the CB 2 receptors (Table 2), 

Several CB 2 -seIective classical cannabinoids have 
now been developed (Fig. 10) (33. 38], Huffman et a/. 

discovered that whilst removal of the phenolic OH 
group from HU-210 to form l-deoxy-n-OH-A B -THC- 



dimethylheptyl (JWH-051) did not significantly affect 
affinity for CBj receptors, it greatly enhanced CB 2 
receptor affinity (Table 2), As a result. JWH-051 was 
found to have 37.5 fold selectivity for CB 2 receptors. 
Even more dramatic is the CB2-selectivity shown in 
binding experiments by JWH-1 33 and JWH-1 39 and by 
the Merk-Frosst compounds, L759633 and L759656 
(Table 2). The CB 2 receptor affinity of JWH-1 39. 
L759633 and L759656 is somewhat less than that of 
JWH-051 or JWH-1 33, although still in the low nM 
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1-deoxy-rf-THC 



1-deoxy- tf-THC-dimethvlheptvl 





JWM33 



L759633 




JWH-051 s 

Fig. (10). Structures of some deoxy or metnoxy analogues of hexahydroc^abino. (L759656) and A -THC 



range. More important, however, is the very much tower 
affinity JWH-133, JWH-139 and the two Me[k"Frosst 
compounds have for CB, receptors than JWH-051. 
L759633 and L759656 seem to be CB 2 receptor 
agonists with both high efficacy and high potency 
Thus Ross et al. [47] have reported firstly, that each of 
these compounds is approximately equipotent with the 
high-efficacy cannabinoid receptor agonist, CP55940, 
in inhibiting forekoiin-stimulated cyclic AMP production 
by human CB2 receptor transfected CHO cells and 
secondly, that the maximum degree of inhibition 
produced in this assay by all three compounds is the 
same. They found L759656 (to to be inactive at 
CB, receptors and L759633 to behave as a weak CB, 
receptor agonist with an EC50 of a bout 10 "M. 
Although there is good evidence from in vivo 
experiments that JWH-051 is a potent CB1 receptor 
agonist [38] there are no reports as to whether it is also 
a CBz receptor agonist. Whether it will prove possible to 
develop agonists from classical cannabinoids that 
exhibit the same high degree of selectivity for CB, 
receptors that the Merk-Frosst compounds show for 
CB 2 receptors remains to be established. 



Finally, for A^-THC, A 9 -THC and other classical 
cannabinoids with chiral centres, it is the (-)- 
enantiomers that show the greater CB, and CBg 
receptor affinity and functional potency 11]. This 
stereoselectivity is well illustrated by comparing the CB, 
or CB 2 affinities of (-)" and ( + )-l1-OH-dimethylhepty1- 
A 8 -THC (HU-210 and HU211 respectively) (Table 2) or 
their potencies in CB, and CB 2 receptor-containing 
bioassay systems [12, 74, 105]. 

Non-classical Cannabinoids 

This group of cannabinoids was developed by a 
Pfizer research team [106]. It consists of bicychc and 
tricyclic analogues of A*>-THC that lack a pyran ring. A 
particularly important member of this group of 
compounds is the cannabinoid receptor agonist. 
CP55940 (Fig. 3) as it is the tritiated form of this 
compound that was used to demonstrate for the first 
time that brain tissue contains specific cannabinoid 
binding sites [107]. It was this landmark observation .n 
particular that led to the realization that cannabinoids 
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act through receptors. CP55940 binds equally well to 
CBt and CBg receptors (Table 2). It shows high affinity 
for both receptor types, explaining the usefulness of 
radiolabelled CP55940 as a probe for GB, and CB2 
receptors. CP55940 behaves as an efficacy-driven 
agonist for both receptor types, the sizes of the effects 
it produces at maximal concentrations in CE^ and CB^ 
receptor assay systems often matching or exceeding 
the maximal responses to several other cannabinoid 
receptor agonists (Tables 3 to 5). Evidence that 
CP55940 does not need to occupy al) cannabinoid 
receptors in the cerebellum to elicit a maximal response 
lends further support to its classification as a high- 
efficacy agonist [90]. Other non-classical cannabinoids 
often used as experimental tools are CP55244 and 
CP50556 (L-nantradol) (Fig. 3), and desacetyl-L- 
nantradol (1]. These also behave as high-affinity, high- 
efficacy agonists, at least for CB1 receptors (Tables 3 
and 4 and [1]). Indeed, CP50556 and CP55244 may 
have even higher CBj efficacy than CP55940 (Table 3 
and [67]). It seems likely that these other non-classical 
cannabinoids share the ability of CP55940 to interact 
with OB2 receptors. However, this remains to' be 
established. Like classical cannabinoids, non-classical 
cannabinoids with chirai centres exhibit significant 
stereoselectivity, the (— )-enantiomers having the 
greater activity (Table 2 and [1]). 

Efcosanoids 

The prototypic member of the eicosanotd group of 
cannabinoid receptor agonists is 
arachidonoylethanolamide (anandamide) (Fig. 1). This 
is the first of four endogenous cannabinoid receptor 
agonists to have been discovered in mammalian brain 
and other tissues, the others being 2-arachidonoyf 
glycerol, homo-y-linolenoylethanolamide and 
docosatetraenoylethanolamide [1, 2, 5, 108], Of these, 
the most investigated and probably also the most 
important physiologically, are anandamide and 2- 
arachidonoyl glycerol. 

Anandamide and Related Fatty Acid Amides 

Anandamide binds significantly to both types of 
cannabinoid receptor with marginally higher affinity for 
the CB1 receptor (T able 2). Indeed, when protected 
from hydrolysis (see below), its affinity for CB1 
receptors matches that of aM"HC Anandamide also 
resembles A 9 -THC in other ways. Firstly, the affinity of 
anandamide for CB1 receptors increases wtien its non- 
oarboxylic hydrocarbon tail is lengthened and 
branched. Most notably, as for the alky! side chain of 
A 9 -THC, extension of the non-carboxyiic tall of 
anandamide by two carbon atoms together with the 
introduction of two methyl substituents, produces an 
increase in both GBj binding affinity and in vivo 
potency for CB1 receptor-mediated effects [109, 110]. 
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Secondly, anandamide behaves as an affinity-driven 
CB-i receptor agonist. Thus its efficacy at CB 1 
receptors, although higher than that of A 9 -THC, is often 
found to be lower than that of (+)-WIN55212 or 
CP55940 (Tables 3, 4 and 6). Thirdly, anandamide has 
much lower efficacy at CB2 than CB^ receptors, lacking 
detectable CBa activity altogether in some experiments 
(Table 5). These similarities between a 9 -THC and 
anandamide are in line with results obtained in 
molecular modelling studies. Thus Thomas etal [111] 
have reported that it is possible to superimpose 
anandamide on the A 9 -THC molecule such that the 
oxygen of the arachidonoyl carboxyamide lies over the 
pyran oxygen, the hydroxyl group of the arachidonoyl 
ethanol over the phenolic hydroxyl group, the five 
terminal arachidonoyl carbons over the hydrophobic 
pentyl side chain and the arachidonoyl polyolefin loop 
over the tricyclic ring system. A fuller account of the 
structure-activity relationships in the anandamide series 
is to be found in two recent papers [45, 108]. It should 
be noted that the maximal effects of anandamide are 
not always less than those of WIN55212 or CP55940 
(Tables 4 and 6). For example, in AtT-20 cells 
transferred with rat CB-| receptors, the inhibition of an 
inwardly rectifying potassium current by 300 nM 
anandamide has been found to match the maximal 
inhibitory effect of WIN55212 [13]. 

Because anandamide is susceptible to hydrolysis by 
fatty acid amide hydrolase, in vitro assays of this agent 
are often carried out in the presence of an enzyme 
inhibitor such as phenylmethylsulphonyl fluoride [1. 2]. 
The extent to which anandamide has to be protected 
from enzymic hydrolysis in this way can be affected by 
the assay conditions used [1]. In binding assays, for 
example, there is evidence that whilst there may be a 
need to protect anandamide from enzymic hydrolysis 
when a filtration method is used to separate tissue 
samples from unbound radioligand, this precaution is 
not needed when the separation is achieved by 
centrifugation (all [ 3 H]HU-243 experiments in Table 2) 
[112]. In some cannabinoid receptor-containing tissue 
preparations, the potency of anandamide is not 
enhanced by phenylmethylsulphonyl fluoride. This 
may be because these preparations lack significant 
fatty acid amide hydrolase activity. However, it could 
also be because they are unable to take up 
anandamide from its presumed extracellular site of 
action, there being evidence that fatty acid amide 
hydrolase is located intracetlularly so that released 
anandamide is only metabolized after it has been taken 
up into tissues both by a carrier-mediated process and 
by passive diffusion [5, 108]. 

The finding that anandamide is the substrate of an 
endogenous amide hydrolase has stimulated the 
development of several analogues that are less 
susceptible to enzymic hydrolysis. One of these is (R)- 
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Fig. (11). Structures of some synthetic eicosanoid cannabim 

(+)-arachidonoyl-1 '-hydroxy-^propylamide (metha- 
nandamide; Fig.- 11) [113]. Unlike anandamide, 
methanandamide possesses a chiral centre, its (R)- 
isomer possessing 9-fold higher CBi receptor affinity 
than its (S)-isomer [113], Another analogue that shows 
resistance to enzymic hydrolysis is 2- 
methylarachidonoyi-C^-fluoroethyOamide (0-689; Fig. 
11) [114] and it is noteworthy that both 0-689 and 
methanandamide have an enhanced selectivity and 
affinity for CB n receptors (Table 2). Two anandamide 
analogues with even greater selectivity (and affinity) for 
CB, receptors are arachidonoyt-2'-chloroethylamide 
(ACE A) and arachidonoylcyclopropyfamide (ACPA) 
(Table 2 and Fig. 11). The E ma * va,ues of b ? th 
analogues, determined in the cyclic AMP assay using 
CHO cells transfected with human CBi receptors and in 
the GTPyS assay using rat cerebellar membranes, 
match those of the high-efficacy agonist. CP55940 
[46]. However, ACPA (but not ACEA) was found to 
have a significantly lower E max than CP55940 for 
inhibition of electrically-evoked contractions of the 
moose isolated vas deferens. Neither ACEA nor ACPA 
showed any sign of reduced susceptibility to enzymic 
hydrolysis [46]. 

Two other anandamide analogues of note are N-(4- 
hydroxyphenyl) arachidonyiamide (AM404) and methyl 
arachidonyi fluorophosphonate (MAFP) (Fig. 12) [40, 
115, 116]. AM404 inhibits anandamide uptake by rat 
cultured cortical neurones (EC 50 = 1 vM) and astrocytes 



(EC 50 =5 jiM) without also producing detectable 
inhibition of FAAH or inhibiting the uptake of the 
anandamide metabolites, arachidonic acid and 
ethanolamine [116]. In line with its properties, AM404 
has been shown to potentiate some effects of 
anandamide. for example anandamide-induced 
inhibition of forskolin-stimulated cyclic AMP production 
by rat cultured cortical neurones, anandamide-induced 
antinociception in the mouse hot plate test and 
anandamide-induced hypotension in anaesthetized 
guinea-pigs [116, 117], AM404 also binds to CB, 
receptors at micromolar concentrations (Table 2). 
However It does not behave as a direct cannabinoid 
receptor agonist [116] and its ability to potentiate 
anandamide suggests that it does not exert any 
significant degree of cannabinoid receptor antagonism 
either. MAFP is an irreversible ligand for the CB 1 
receptor (EC 50 = 20 nM for displacement of 
pH]cp5594o from specific binding sites on rat brain 
membranes) and also an irreversible inhibitor of FAAH 
(EC 50 = 2.5 nM) [115]. As expected from its binding 
properties. MAFP (1 jiM) has also been shown to 
produce insurmountable antagonism of several 
cannabinoid receptor agonists in the myenteric plexus- 
longitudinal muscle preparation of guinea-pig small 
intestine, a functional CB 1 receptor assay system [1 1 8], 
Other fatty acid derivatives that have proved to be 
potent irreversible inhibitors of FAAH are a series of 
saturated fatty acid sulphonyl fluorides [119, 120]. The 
most notable of these is stearyl sutphonyl fluoride 
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(AM381) as this shows the greatest separation 
between potency for FAAH inhibition (EC50 = 4 nM) 
and ability to bind to CB1 receptors (EC 50 = 18,5 \iM for 
displacement of [ 3 H}CP55940 f f0 m specific binding 
sites on rat forebrain membranes). This is far greater 
than the 8-fold separation between FAAH inhibitory 
potency and CBt binding potency shown by MAFP. 
When taken together, the results obtained with stearyl 
sulphonyl fluoride and AM404 suggest that the 
structural prerequisites for inhibiting FAAH are not the 
same as those for inhibiting anandamide uptake or for 
binding to cannabinoid receptors. There is also 
evidence that the structural features that determine the 
ability to inhibit the anandamide transporter differ from 
those that determine the ability to serve as a substrate 
for the anandamide transporter [6, 121]. 
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palmitoylethanolamide does not have significant affinity 
for CB1 receptors in rat brain membranes or in 
membranes from CB1 receptor transfected COS cells 
[112, 123] or show any activity (at 10 \xM) as an inhibitor 
Of torskolin-stimulated cyclic AMP production in 
N18TG2 or rat CB-| transfected CHO cells [80]. 
Although the RBL-2H3 cells were found to express 
CB 2 receptors [122J, it is also unlikely that 
palmitoylethanolamide acted through these receptors. 
Thus Showalter et ai [37] have found that at 
concentrations of up to 10 }iM, palmitoylethanolamide 
displaces only 20% of [ 3 H]<+)-WIN-55212 from binding 
sites on membranes obtained from human CB? 
receptor transfected CHO cells and that this 
displacement is not concentration-dependent. 
Palmitoylethanolamide was found to be even less 
effective in displacing [ 3 H]CP55940 from these CB 2 
binding sites [37]. This finding has been confirmed by 
Sheskin etal [112] in competitive binding assays using 
membranes from CB2 receptor transfected COS cells 
and [ 3 H]HU-243 as the radiolabelled probe. One 
possibility is that palmitoylethanolamide is a ligand for a 
novel type of cannabinoid receptor Indeed, the 
suggestion has already been made that 
palmitoylethanolamide binds to a yet unidentified CB2 
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